Objective. While osteoarthritis (OA)-related pain increases the risk of physical inactivity, disability, and falls, less is known about whether pain increases the risk of frailty. We investigated if people with OA reporting pain are more likely to develop frailty than people with OA without pain.
Methods. Pain was ascertained according to medical records, symptoms/signs, and use of analgesics. Participants were considered frail if they met three out of five criteria of Fried's Index.
Results. Cross-sectional analysis at baseline demonstrated that after adjusting for potential confounders (age, gender, anthropometric and demographic data, comorbidities), people with OA and pain (n 5 568) were significantly more likely to have frailty compared with those with OA without pain (n 5 1,207; hand OA, OR 5 1.86, 95% CI 5 1.65-2.09; hip OA, OR 5 1.62, 95% CI 5 1.44-1.83; knee OA, OR 5 1.42, 95% CI 5 1.26-1.60; all p < 0.0001). Prospective analysis of 1,152 nonfrail subjects at baseline demonstrated that 19.9% developed incident frailty. A fully-adjusted logistic regression analysis demonstrated that lower limb OA-related pain was associated with an increased risk of developing frailty compared with people with OA and no pain.
Introduction
Osteoarthritis (OA) is one of the most common chronic diseases in the elderly [17, 21, 27] and is associated with an elevated risk of disability. Pain is one of the primary symptoms reported by OA patients, and its evaluation, together with typical symptoms and radiographic signs, is recommended by the American College of Rheumatology for the diagnosis of the disease [3] [4] [5] . Symptomatic OA represents only a minority of the radiographic disease, but, as demonstrated by the Framingham Study, it seems more affected by functional impairment [48] . People with OA who report pain are at an elevated risk of experiencing physical inactivity [36] , falls [7, 35] , and disability [14] .
Frailty is another common geriatric syndrome, which is characterized by reduced homeostatic reserve and resiliency leading to an increased risk of falls, institutionalization, and mortality, and shares many similarities with OA [9] [10] [11] [12] . The presence of OA in frail subjects seems to be associated with a higher prevalence of obesity, depression, and worse physical performance [13] . In addition, frail patients with OA often take a larger number of drugs, which are probably needed to control OArelated symptoms [13] .
The relationship between OA and frailty has been demonstrated by several longitudinal studies, showing that these two conditions share important common risk factors and lead to similar consequences [14, 15, 17, 18] . Nonetheless, few studies have considered the impact of OA-related pain on frailty. Painful symptomatology has been associated with depression, poor sleep, and reduced nutritional intake, as well as worse quality of life and greater frailty and disability risks [20] [21] [22] 33] , but if and how OA-related pain, in particular, is linked to frailty is unclear.
The aim of this study was to compare the incidence of frailty onset in people with OA among those who did and did not report pain across a prospective cohort. We hypothesized that people with OA who report pain are more likely than people with OA without pain to develop frailty.
Methods

Data Source and Subjects
The study population was composed of subjects enrolled in the Progetto Veneto Anziani (Pro.V.A.), an observational cohort study of community-living elderly adults whose particular focus was cardiovascular and osteoarticular diseases. The sample comprised 3,099 age-and sex-stratified Caucasian adults 65 years and older (1,245 men and 1,854 women) living in and around the cities of Cittadella and Rovigo, both located near Padova in the Veneto Region in Northern Italy, who were randomly selected between 1995 and 1997 using a multistage stratified sampling method. The methods used to compile the sample and to collect data have been described elsewhere [11] . Data were collected by trained physicians and nurses at the two outpatient clinics subsidizing the study or at the participants' homes in the event they were housebound. In case of cognitive impairment or where necessary, a proxy of the patient was involved in the informed consent and medical interview.
For the purposes of our study, we analyzed the baseline and end-of-study information collected by the Pro.V.A investigators regarding OA-related pain in the hand, hip, and knee regions of the patients studied. The frailty status of those patients at baseline and at the end of the study, which lasted 4.4 6 1.2 (mean 6 SD) years, was also evaluated.
Out of the 3,099 participants initially enrolled in the study, we excluded 269 subjects' data missing the baseline information on OA or frailty status and 1,055 without osteoarthritis at baseline, obtaining a final sample of 1,775 subjects with osteoarthritis for the crosssectional analyses. For the prospective analyses, we further excluded 284 deceased at follow-up, 99 participants without follow-up data, and 240 subjects with a frailty status observed at the baseline evaluation, finally including a sample of 1,152 older men and women.
The ethical committees of the University of Padova and of the Nrs. 15 and 18 Local Health Units (USSL) of the Veneto Region approved the study protocol, and the participants gave their written informed consent.
Anthropometric, Demographic, and Clinical Characteristics
Trained physicians and nurses interviewed the participants at the two outpatient clinics subsidizing the study or at their homes and registered information on their educational level, physical activity, previous employment, and smoking habits during face-to-face conversations. The patients' educational level was classified as 5 or > 5 years (primary school in Italy lasts 5 years). Regular physical activity was defined as 4 h/week during the previous month of at least moderate physical activity (brisk walking, cycling, gardening, dancing, or physical exercising). Smoking status was classified as "never," "former" (for at least a year in the past), and "current" smokers. The physical burden of the subject's job (before retiring) was evaluated using a score from 1 (low burden) to 5 (high burden), with a score equal to or greater than 4 indicating heavy labor. Body weight and height were measured and body mass index was calculated (kg/m 2 ). In accordance with the current literature, a BMI value higher than 30 kg/m 2 defined a condition of obesity.
A battery of questionnaires was also used to assess the participants. Functional status and social independence were measured using two validated scales: the Activities of Daily Living (ADL, score 0 complete dependence to 6 total self-sufficiency) and the Instrumental Activities of Daily Living (IADL, score 0 total dependence to 8 complete independence) [16, 24] . Depressed mood was assessed using the 30-item Geriatric Depression Scale (GDS), an accurate, validated method for rating depressive symptoms in elderly subjects reporting scores higher than 10 [47] . Cognitive status was assessed using the mini-mental state examination (MMSE), which is a sensitive, valid questionnaire used extensively in clinical and research settings to measure cognitive impairment. A score of 24 or less indicates cognitive impairment [43] .
Lower extremity physical performance was estimated using the Short Physical Performance Battery (SPPB), a multiple test examining three lower extremity functions: gait speed, static balance, and time to rise from a chair. The total score on these tests ranges from 0 to 12, with higher scores indicating better physical performance [19] . Handgrip strength as a proxy of handgrip function was measured using a JAMAR hand-held dynamometer (BK-7498, Fred Sammons, Inc.). The highest score out of three technically acceptable tests on the dominant side was used in our analyses.
The patients' medical history, comorbidities, selfreported symptoms, medical and hospital records, and records of physical examination and blood exams were all assessed by the physicians and nurses working on the Pro.V.A. study in the attempt to gain a complete picture of each subject's clinical status. For the purposes of the present study, we considered the presence of diabetes, cardiovascular diseases (CVD), chronic obstructive pulmonary diseases (COPD), fractures, cancer, and cognitive impairment as possible covariates in the relationship between OA-related pain and frailty. Diabetes was defined as fasting plasma glucose levels 7.0 nmol/L, glycosylated hemoglobin (HbA1c) 6.5%, the use of glucose-lowering drugs, or a history of a 2 h post-load glucose 11.1 nmol/L 8 . CVD was defined as any of the following: congestive heart failure, angina requiring a stent, angioplasty or hospitalization, myocardial infarction, and stroke. Fractures typically seen in bones affected by osteoporosis, i.e., wrist, femoral, or vertebral regions, were evaluated.
Assessment of Osteoarthritis and Associated Pain
Hand, hip, and/or knee OA was assessed during the interview by the physicians and nurses who examined the participant's medical history and records, previous x-ray reports, and the use of analgesics, and carried out a clinical examination. During the examination, the hand was assessed for Heberden nodes as well as for signs of stiffness and/or pain at passive movement. Hip OA was assessed by evaluating pain at passive movement, rotation, and/or palpation, and reduced external rotation. Knee OA was evaluated by assessing deformity, pain at passive movement, reduced passive mobility, and crepitus. The diagnosis of OA was later confirmed by a rheumatologist using a standardized algorithm that also took into consideration records of admission to hospital for OA and of prostheses intended to relieve OA-related complications [11] .
Pain related to OA was assessed during the interview and classified as present/absent for inclusion in our analyses. Each participant was asked about pain-related experiences or the use of analgesics for hand, hip, or knee pain over the previous months' time. A participant was evaluated as having pain after the interviewer concluded that the cause of pain was linked to OA after reviewing the subject's clinical status, medical history, laboratory tests, and radiographic data.
Frailty Assessment and Definition
Frailty, assessed at baseline and at the end of the study, was defined in accordance with Fried's Frailty Index as the presence of at least three of the following [14] using a slightly modified version [32, 44] :
-self-reported unintentional weight loss of 5 kg or more over the past year;
-exhaustion, defined as a GDS score higher than 10 or the answer "no" to the item "Do you feel full of energy?"; -low physical activity level, measured by estimating the energy expenditure of daily activities with a cutoff of 383 kcals/week and 270 kcals/week for men and women, respectively; -slow gait speed evaluated during a 4-meter walk, adjusting for gender and height to define adequate cutoffs for frailty status, as suggested by Fried et al. [15] ;
-low grip strength, evaluated with cut-offs specific to the participant's gender and BMI, as suggested by Fried et al. [15] .
Statistical Analyses
To generalize the Pro.V.A. sample to the population and to the two geographical areas where the participants lived, a set of weights was defined according to the sex and age distribution of the reference population (Italy, Census 1991) and to the sample fraction.
Normal distributions of continuous variables were tested using the Shapiro-Wilk test. The data are shown as means 6 standard deviations for quantitative measures Veronese et al.
and frequency percentages for all discrete variables. Age-adjusted P values were calculated as follows: for continuous variables, differences between the means of the covariates by frailty status were analyzed using a general linear model; logistic regression was applied for discrete variables. Levene's test was used to test the homoscedasticity of variances and, if its assumption was violated, Welch's ANOVA was used. As a significant sex by frailty status interaction emerged for the presence of pain related to hand, hip, and knee OA (logistic regression analysis; P < 0.0001 for each outcome), all data regarding the association between OA pain and frailty status were assessed separately according to gender.
Multivariable logistic regression models were run using the presence of OA-related pain in one of the joints examined as independent variables and the presence of frailty status as a dependent variable at baseline and at follow-up. The subjects who did not meet the criteria defining frailty were used as references. Factors known to be associated with frailty and OA pain were examined for inclusion as covariates in the univariate analysis, and variables with P values < 0.20 were included in the fully adjusted model. The assumption of linearity was evaluated for quantitative variables considering the analysis of quartiles. The basic adjusted model included age and sex in the analysis of the sample as whole; only age was included for the gender-specific analyses. In addition to age and sex, the fully-adjusted model included: the BMI, the GDS score (as continuous variables); the educational level (education 5 vs < 5 years); smoking habits (current vs never/former); diabetes (yes/no); CVD (yes/no); cancer (yes/no); cognitive impairment (yes/no); fracture (yes/no); working years (as a continuous variable); and doing heavy physical work in the past (yes/ no). Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the strength of the associations between the presence of OA pain at baseline and frailty prevalence and incidence vs those with OA, but without pain.
All analyses were performed using SPSS 21.0 for Windows (SPSS Inc., Chicago, Illinois). All statistical tests were two-tailed, and P values < 0.05 were assumed to be statistically significant.
Results
Baseline Analyses
At baseline, there were 3,099 participants. For our study's purposes, the data of 1,775 participants (607 M, 1,168 F, unweighted data) affected by OA were included.
Compared with those excluded from the study, the subjects included were significantly older and had a higher BMI and physical performance level ( Table 1) . Study participants demonstrated lower prevalence of diabetes, CVD, fractures, COPD, cancer, and cognitive impairment, and they took fewer daily medications than persons excluded from the study ( Table 1) . Across the entire sample, there was a mean age of 76.6 6 7.6 years and a mean BMI of 28.07 6 4.78 kg/m 2 . At baseline, 240 (13.5%) participants, for the most part women (70.4%), already met the criteria for frailty. The characteristics of participants affected by OA who did not report pain (n ¼ 1,207) and those who presented with pain (n ¼ 568) are outlined in Table 2 . OA-related pain was reported for 415 subjects (23.4%) in the hand joints, for 497 participants (28%) in the knee joints, and for 392 (22.1%) in the hip region. Persons with pain for OA were prevalently women; their counterparts had higher BMI values and obesity was prevalent. Educational level and current smoking status were both significantly lower in participants with OA pain compared with OA persons without pain. As far as working conditions before they retired were concerned, a higher percentage of the subjects who reported doing demanding physical work were found in the group with pain for OA. The participants with OA pain scored worse in functional, physical performance and GDS scale. Significant differences were also observed with regard to comorbidities: the subjects with OA pain showed a lower prevalence of diabetes, CVD, COPD, and cognitive impairment, but a higher presence of cancer and polypharmacy with respect to their counterparts.
Cross-Sectional Analyses
The prevalence of frailty in the OA-related pain groups is illustrated in Figure 1 . As can be seen, when the two groups were compared, a significantly higher prevalence of frailty was found in the subjects with OA-related pain in all the joints examined (hand, 16.2% vs 9.5%; hip, 15.9% vs 9.7%; knee, 14.8% vs 9.6%; for all the comparisons of OA pain vs OA without pain, P < 0.0001).
This association was corroborated by logistic regression analyses after adjustment for possible confounders ( Table 3) . Compared with those with OA and no pain, the presence of OA pain was associated with significantly higher odds of being frail in the sample as a whole and confirmed in each specific joint (hand OA, OR ¼ 1.86, 95% CI ¼ 1.65-2.09; hip OA, OR ¼ 1.62, 95% CI ¼ 1.44-1.83; knee OA, OR ¼ 1.42, 95% CI ¼ 1.26-1.60), with stronger results for the male gender compared with female ( Table 3) . Considering the overall presence of OA-related pain in the hand, knee, or hip regions, this association was confirmed for the sample as a whole (OR ¼ 1.25, 95% CI ¼ 1.11-1.41) and for men (OR ¼ 2.65, 95% CI ¼ 1.94-3.61), but not for women in the fully adjusted model ( Table 3) . Table 4 shows the association between frailty criteria and the presence of OA-related pain in the hand, knee, and hip regions. After adjusting for potential confounders, pain with hand OA demonstrated the strongest association with the presence of low handgrip, whereas knee and hip OA-related pain were more associated with unintentional weight loss, low physical activity, and slow gait speed ( Table 4) .
Prospective Risk of Frailty According to Pain Status in OA Participants
After excluding n ¼ 240 subjects with baseline frailty, we evaluated 1,152 persons (365 M, 787 F, unweighted data) who did not met frailty criteria at baseline. After a mean period of 4.4 years, 229 of those subjects (61 M, 168 F, unweighted data) developed frailty.
The participants with pain for lower limb OA at baseline showed a higher cumulative incidence of frailty at the end of the follow-up compared with those without OA pain (hand, 17.1% vs 16.2%, P ¼ 0.11; hip, 19.1% vs 15.6%, P < 0.0001; knee, 19.2% vs 15.3%, P < 0.0001; Figure 2 ).
However, the fully adjusted logistic regression analysis confirmed the association between OA-related pain and the onset of frailty at follow-up in the sample as a whole only for the hip site (OR ¼ 1.18, 95% CI ¼ 1.04-1.35, P ¼ 0.01; Table 5 ).
When the results were gender-specific, we found that men carried a significantly higher risk of becoming frail when they had suffered knee OA pain (OR ¼ 1.60, 95% CI ¼ 1.16-2.21, P ¼ 0.004) and marginally significant for hip OA pain (OR ¼ 1.43, 95% CI ¼ 0.99-2.06, P ¼ 0.06; Table 5 ). Conversely, women showed a significant risk of becoming frail when they were affected by hip OA pain at the baseline evaluation (OR ¼ 1.17, 95% CI ¼ 1.02-1.35, P ¼ 0.03; Table 5 ). No significant results were observed when we considered overall OA-related pain in hand, knee, and hip joints after adjusting for potential confounders ( Table 5 ).
Discussion
Our study demonstrated that OA-related pain of the hand, hip, and knee joints was significantly associated with an increased prevalence of frailty at the baseline evaluation. Our longitudinal analyses demonstrated that nonfrail older people with lower limb OA pain were more likely than those with OA and no pain to develop frailty, independent of important confounders. Thus, our data suggests that lower limb pain among people with OA is a risk factor for developing frailty in older age, with those affected by hip or knee OA pain being at greatest risk.
Similarly to the results published by other surveys, the baseline prevalence of OA-related pain in our sample was 23% in the hand, 22% in the hip, and 28% in the knee joints, with a higher prevalence in women [21, 23, 48] . The overall prevalence of frailty at baseline was 13.5% (14.5% for women and 11.7% for men), a figure that was higher than that quoted by Fried [15] (6.9%) and by Cesari [9] (8.8%), but lower than that found by a European population-based survey [31] (17%). At 19.9%, the incidence of frailty at the end of the follow-up period was greater than that outlined by other longitudinal studies with a similar duration, i.e., 7.2% in the Fried study and 10.7% in a sample of older men [15, 29, 46] . The differences may depend on several factors; for example, on the diagnostic criteria that were used to define frailty. Our study utilized the Fried criteria [15] , although we admittedly slightly modified three items (weight loss, physical activity level, and exhaustion) with respect to the original definition. Differences in the inclusion/exclusion criteria and in the demographic characteristics of the subjects being surveyed (in our case, the inclusion of only Caucasian persons or the unequal percentage of men/women) could also have led to different results produced by our and other studies.
In particular, we noted a sex interaction and found evidence that the relationship between OA pain and frailty is more marked among men compared with women. The potential implications of this are that men affected by OA pain should be considered a higher-risk group for developing frailty and appropriate interventions offered.
Surprisingly, subjects with OA-related pain reported a significantly lower prevalence of diabetes, CVD, COPD, and cognitive impairment, conditions that are strongly related to the onset of frailty. However, as they used a higher number of medications, it is likely that these subjects had a higher presence of "hardly controlled" diseases representing predisposing factors for frailty.
The association between OA-related pain and frailty may be elucidated by a variety of interconnected mechanisms. In our sample, handgrip, unintentional weight loss, physical activity level, and gait speed were the domains that were particularly influenced by the presence of painful symptomatology in OA patients. The osteoarticular impairment of patients with OA, in fact, particularly of those suffering from OA-related pain, may limit physical performance, affecting both higher and lower extremity functions [18] . OA patients suffering from disease-related pain could consequently present delayed walking speeds and handgrip values, as well as lower levels of physical activity [7, 30] . These individual parameters are all included in the Fried criteria because they contribute to the development of frailty [10, 15] . Second, both OA and OA-related pain seem to increase the risk of falls [35, 38] , a known risk factor for hospitalization and frailty, and it is important to note that other factors such as this may precipitate frailty. Nonetheless, previous investigations demonstrated that older people with lower limb and more severe pain are at the greatest risk of single and recurrent falls [35, 38, 41] , and this is an at-risk group for several deleterious outcomes [6] . Moreover, older adults experiencing pain are more likely to have reduced confidence in their balance [39] and more psychological concerns related to falls [39] , meaning they become more sedentary [37] , which could in turn heighten physical impairment leading to frailty [15, 45] . Finally, both pain and mobility limitations are known to negatively influence quality of life [20, 40] . Poor pain-related physical performance may limit daily activities and increase the risk of depression, which is again a common feature in people with OA [2, 34] . Given the aforementioned, the relationship between pain and frailty is without doubt complex and potentially precipitated by a number of other events. This feature was also confirmed by our findings; higher GDS scores were, in fact, found in the frail participants with respect to their counterparts. In addition, according to the results of similar cohort studies that reported an association between frailty and polypharmacy, our frail subjects demonstrated a significantly higher use of drugs [15] . As observed by Koponen et al., frail subjects use analgesics more frequently than prefrail or nonfrail [26] . OA pain, in particular, represents one of the most common causes of the use of opioid and nonopioid drugs [30] . Although analgesics may attenuate painful symptoms, their use in older people could be associated with adverse events, like increased risk of falls, fractures, and delirium due to pharmacokinetic and pharmacodynamic changes typical of older age [28, 30] .
Considering gender differences, we observed a stronger association between OA-related pain and frailty in men than in women. Several authors have demonstrated that women with chronic pain tend to report heightened symptoms with respect to men; at the same time, the negative impact on mood driven by painful symptomatology seems to be greater for the male gender than for females [1, 25] . Keefe et al. also observed sexspecific differences in overt pain behavior, with a major tendency of women to catastrophize and signal painful symptomatology more than men [1] . These findings suggested that women, although reporting higher OArelated pain than men, may benefit more from the help and assistance of caregivers, becoming therefore less exposed to social isolation, depression, falls, and disability, with an overall lower risk of frailty than men. This study has some limitations that need to be listed. First, the study may have been biased by the decision to include only Caucasian persons. As a result, the results may not be representative of the overall Italian population, and ethnicity-specific differences in the prevalence and consequences linked to OA pain cannot be evaluated [22, 23] . Second, OA-related pain was assessed during the interview using an unvalidated self-report questionnaire, and we did not conduct inter-rater reliability assessments between interviewers. In addition, no attempt was made to measure pain severity levels, the presence of intermittent or persistent pain, or gender differences in pain perception and in reporting/responding to pain [12] . Third, as mentioned above, our data regarding frailty may be biased, as it relied only on self-reported declarations concerning weight loss and daily physical activities. Moreover, exhaustion was evaluated simply on the basis of the GDS scale and not on other parameters indicated in the Fried index. Finally, we used a modified version of the frailty index proposed by Fried et al. Adapting the frailty criteria can influence the quality of the composite score and potentially introduce bias [42] . Fourth, there may be an element of bias in our data, as a large portion of people were excluded due to missing data and to death. Fifth, we could not assess the impact of pain medication on outcomes within our study, and future research should therefore seek to consider the impact of this on frailty. Finally, having considered as a reference group both nonfrail Notes. The first dotted column represents the prevalence of frailty in patients with OA-related pain; the checkered column next to it represents the prevalence of frailty in OA patients without pain. Double columns outline prevalences at baseline in the three joints evaluated. P values were calculated using logistic regression analyses with age as a covariate.
Table 3
The association between frailty and presence of osteoarthritis (OA)-related pain in the entire sample and in each of the two sexes at baseline evaluation: the PRO.V.A. Study (weighted data) and prefrail subjects could impact our analyses, as the latter reported some features of frailty.
Nonetheless, the study has several major strengths. First, the data utilized was collected from a relatively large sample of community-living subjects and was presumably representative of a population of older individuals. The large number of covariates evaluated strengthens the results of this study, potentially minimizing the effect of important confounders on our analyses. However, due to the observational nature of our work, we cannot exclude that the association between pain and frailty could also be influenced by other noninvestigated confounders. Finally, the inclusion of data concerning hand OA pain constitutes a further strength of our work, as most studies have focused exclusively on OA of the lower limbs. Our data demonstrating the increased risk of frailty from OA-related pain add further rationale to the need to prevent and manage pain in this condition. Whether preventing/managing pain in people with OA can limit the onset of frailty is a potentially important research question for the future.
In conclusion, our study demonstrates that older people with hand, hip, and knee OA-related pain are more likely than those with OA and no pain to experience frailty. Pain related to lower-limb OA, moreover, seems to increase the likelihood of the onset of frailty. These Table 4 The association between frailty criteria and presence of hand, hip, and knee osteoarthritis (OA)-related pain in the sample as a whole Notes. The first dotted column represents the cumulative incidence of frailty in those with OA-related pain; the checkered column next to it represents the cumulative incidence of frailty in the OA patients without pain. Double columns outline cumulative incidences at baseline in the three joints evaluated. P values were calculated using logistic regression analyses with age as a covariate.
Table 5
The association between OA-related pain and frailty at the end of the study in the entire sample and in the two sexes: the PRO.V.A.
Study (weighted data)
Whole sample (n findings suggest that painful symptomatology of OA should be assessed and treated in the elderly, as it may predispose or contribute to the development of frailty. Further studies are needed to better investigate the complex relationship between OA-related pain and frailty syndrome in the elderly.
